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Wheelchair Design -Survey of Users' Views In the mid-1960s the National Fund for Research into Crippling Diseases sponsored research by the Department of Ergonomics and Cybernetics at Loughborough University of Technology, to establish data on which to base an ergonomics approach to wheelchair design (Platts 1971) Questionnaire surveys of wheelchair users sought data about users' needs, the functions demanded of wheelchairs, the environments in which they were used and certain user characteristics. In 1966 questionnaires were sent to 531 wheelchair users in Leicestershire. These were users who had either Ministry of Health or privately purchased wheelchairs. Questionnaires were returned, with the majority of questions answered, by 448 (84 %), and these formed the postal sample (PS). A second questionnaire was drawn up for interviewers to check the reliability of the postal answers and to gather further information. Forty-eight (i.e. about 10% of PS) were selected for interview based on the age and sex patterns of the postal sample, and these formed the interview sample (IS). A statistical evaluation showed that the data from the interview questionnaire were consistent with the data from the postal questionnaire, and data on the two questionnaires, given by the same subject, were shown to be consistent.
This paper presents some of the results which are of interest to designers. The percentage frequencies, drawn from both questionnaires, give a measure of the importance of some of the factors relevant to wheelchair design and indicate new features which would assist users. Wheelchairs have a wide range of uses in various environments, which leads inevitably to conflicting design aims. These conflicts and the economics of wheelchair production dictate that some compromises will have to be made.
The postal sample was predominantly adult, with 69 % aged over 40, including 36 % who were over 60; only 10% were aged under 21. This age distribution was significantly different from that of the general population, as shown by the 1961 census data for Leicestershire (Census County Report 1961): half the census population were aged 35 or more, whereas half the postal sample were over 55, showing that wheelchair users include proportionately more older people.
The onset of illness for the majority of the postal respondents occurred in adulthood. Need for a wheelchair generally came some years after onset of illness; 30% (PS) started to use one inside their home between the ages of 41 and 70 years, whereas 42 % (PS) began to need one outside between the ages of 31 and 70.
The postal sample consisted of 56 % women and 44% men, as against 51 % women and 49% men in the Leicestershire census data; these proportions also differed significantly from the general population. Comparison of ages in the postal sample showed that 67 % of the women and 53 % of the men were aged over 50.
In regard to dependence on a wheelchair for mobility inside the home, users were classified by their answers to a combination of questions: 51 % (PS) were considered to be dependent on a wheelchair and classified as wheelchair-bound; a further 10% (PS) sometimes used a wheelchair inside but could also get around without one, and were classified as semiambulant, together with those who said they never used a wheelchair inside; in all 42% (PS) were classified as semiambulant. In the interview sample a group was identified who, although classified as semiambulant on the postal sample, should have been classed as wheelchair-bound and would have been had their wheelchair been suitable for use around their home; this accounted for 10% of the interview sample, making 66 % (IS) wheelchair-bound and 33% (IS) semiambulant. Probably this is a better indication of the proportion of users concerned with use inside their home and problems of daily living from a wheelchair.
A larger proportion of each of the samples needed a wheelchair out of doors: 73 % (PS) and 92% (IS). The survey also showed that a wheelchair is needed for a number of years, and longer for outdoors than for indoors.
Causes of disability requiring a wheelchair may be grouped by disease, but abilities of users with the same diagnosis may vary widely. Diagnosis was therefore recorded mainly for comparison with statistics from other sources; the main causes, accounting for over half the postal sample, were arthritis (osteo-and rheumatoid) 19%, disseminated sclerosis 15%, poliomyelitis 11 %, lower limb amputation 10 %.
Wheelchairs were used as a means of mobility; as a seat, both independently and in association with other furniture; as a means of support during transfer to other seats or to and from a standing position; as a carrier of objects; and in conjunction with a vehicle.
Of the 30 subjects interviewed who were inside users, a majority (53 %.) on4y nmved between rooms about once each day; most of their day was spent in one living room. Another 27 % were moderately active and moved between two or three rooms, such as sitting room, bedroom, toilet and kitchen. Only 20% moved freely and frequently between rooms. Of these inside users, 60% used a wheelchair to go to the toilet, com-Section ofPhysical Medicine prising 430 who used a toilet in the house and 17 % who used one located outside.
The survey showed that some parts of the house were inaccessible in a wheelchair because of the design of the house and the size, shape and manceuvrability of the wheelchair. Some wheelchairs were too wide to go through doorways, or could not be manceuvred in the space available. The toilet was stated to be inaccessible for these reasons by 33 % of the inside users interviewed. Inside floor surfaces varied from smooth linoleum to rough carpet, and there was difficulty with the edges of carpets and ledges of doorways.
The postal sample showed that a wheelchair was used outside the house to move from house to garden (45 %), as a garden seat (57 %), and to move between house and car (32 %). Other outside activities included going to the shops (40 %), to the hairdresser (23 %), to watch sports (18 %), to places of entertainment such as cinema, theatre or club (15 %), to play sports or fish (3 %).
Outside activities necessitated negotiating rough ground, gradients, and steps or kerbs. Weatherproofing was mentioned as desirable.
The wheelchair was often used intensively as a seat: of the inside users who were interviewed, 80 % stated that they were in their wheelchair for over six hours daily, including 43 % who were in their wheelchair for 12 or more hours daily. In contrast, only 33 % of the 18 outside users interviewed used the wheelchair outside daily; when this group did use a wheelchair outside, the majority (83 %) were in it for less than four hours.
Comfort was a particular concern of the users and many required cushions both in the small of the back and on the seat. Opinions varied widely as to the degree of softness of the cushions and the type of covering material preferred. Discomfort caused by sagging seats was mentioned as a fault of current wheelchair design. A headrest and adjustable backrest were features wanted particularly by those using their wheelchairs continuously. Another factor relating to comfort was the size of the wheelchair. Since anthropometric measurements and physique differ between the sexes, seat sizing needs to be related to the relevant anthropometric data, including that of children.
Method of transfer to and from the wheelchair varied. About 58 % stood up with assistance, and these users said a high wheelchair seat was a help to them during transfer. Between 37% (PS) and 15 % (IS) usually self-transferred over the side of the wheelchair, and these wanted their wheelchair seat to be the same height as the destination seat. Height adjustment for the seat was desirable, not only to assist transfer but also to facilitate use with furniture at different heights, and for housework which must be performed at a variety of levels. Manceuvrability and stability of the wheelchairs were important features for both standingassisted-transfer and self-transfer.
About 16 % were wholly dependent on an assistant to lift them between seats. Few had an aid like a hoist. In these cases, as well as when an assistant helped with standing transfer, i.e. for about 58 %, the wheelchair was needed to facilitate the actions of the helper and to ease the burden of lifting or lowering a heavy weight.
Wheelchairs were used by 43% (PS) to carry a variety of objects, such as sticks, crutches and tripod frames to assist mobility. Trays were also used by 25 % (IS). The method for fixing a tray to the wheelchair should be suitable for use when the wheelchair was either stationary or moving. The range of personal belongings carried included handbags, urine bottles, books and a variety of small things normally carried in pockets.
Where wheelchairs were used in conjunction with vehicles as a means of moving between house and car (66 %, IS), taken in the the car at least on some journeys (75 %, IS), and used as a seat in a vehicle, the main problems were concerned with folding and weight. The majority of the postal respondents could not fold their own wheelchairs; when folded the chairs were too bulky to store easily in most cars and were too heavy to lift into the vehicle. Wheelchairs were folded in the house when not in use by 52 % (IS), and another 12% (IS) would like to have been able to fold them but found it too difficult.
Current wheelchairs are designed to be selfpropelled and/or pushed by an attendant; 90% (IS) had at least one self-propelling chair (e.g. MOH models 8 or 1). As 42% (IS) could selfpropel indoors, but only 2% (IS) could negotiate kerbs unaided, it was clear that self-propelling chairs were pushed a great deal both inside and outside the house.
About 36% used the handrims or tyres when self-propelling; they complained that plastic coverings to handrims were easily damaged, wooden ones tended to splinter, and metal ones were cold. Some users found the handrims difficult to grip and others said there was not enough space for the hands between handrims and tyres. About 12 % used their feet when propelling, either instead of handrims, or as a means of steering in conjunction with handrim power when only one hand could be used.
Wheelchair attendants must also be regarded as wheelchair users and their needs catered for. Their main activities relate to transfer, pushing, and operation of mechanisms. During transfer attendants were particularly concerned with the problems of lifting a heavy person, manceuvring the patient and the wheelchair in a confined space, and avoiding projecting parts or sharp edges on the wheelchair which could cause injury. The effort involved in pushing was a problem for many, particularly the elderly spouse. Steering and negotiating kerbs were also difficult, and the position of the pushing handles were criticized. Other actions undertaken by attendants included folding and unfolding wheelchairs, manceuvring and lifting them to stow them in house and car, and operating controls and all movable parts.
Conclusion
Data from this survey have been used to identify some of the more important characteristics of wheelchair users, user requirements, and limitations imposed by the environment, which have particular relevance to wheelchair design. There was no 'typical user' and a wide range needs to be catered for. Furthermore, user requirements do not remain static, but change with ageing or increasing disability.
A possible solution would be to design a number of basic chassis and alternative superstructure components which could be assembled to suit individual requirements, and could then be interchanged as needs altered or parts wore out. However, the final solution must not only take into account users' needs but also, to some extent, be governed by practical and economic considerations.
Powered Vehicles and the Disabled Driver Rehabilitation of the disabled is receiving increasing attention but frequently the question of transport to and from work, or for normal social activities is left until late in the treatment programme. This paper considers powered vehicles for the disabled and will be mainly concerned with locomotor disabilities; the problems of those people who are dyspnceic due to cardiac or respiratory disorders are much simpler and are also covered.
It is impossible to obtain a breakdown by disability, age or sex of the numbers of disabled drivers in this country but the number of vehicles on issue from the Department of Health & Social Security at 6 March 1973 was: three-wheelers (petrol and electric) 19 559, cars 7671; private car allowances numbered 11 475, and many have paid for the modification of their own car. About 65 % of DHSS three-wheelers and cars have some conversion to the controls. To obtain help with personal transport from the Department a consultant signs a form which gives the diagnosis but little about the disability of the patient and, especially where the consultant is not accustomed to dealing with the problems ofthe disabled driver, some vital facts such as visual field impairment or perceptual loss could be omitted. The patient then attends an appliance centre where he is seen by another doctor who must, during a relatively short consultation and with the facts on the form provided, decide that the patient is fit to drive safely and also that he is eligible under the present regulations; the latter is easier than the former.
The present eligibility is in three classes (DHSS leaflet NHS5): (1) double amputation, one leg being above or through the knee; (2) locomotor or cardiorespiratory disease 'so that to all intents and purposes the person is unable to walk'; (3) less severe disability in a person for whom transport is required to go to and from work. The DHSS leaflet does not accept inadequacy of public transport, or the presence of hills as determining factors, but clearly these must be considered.
When the person's employability is in doubt, a loan vehicle may be provided if the appliance centre is warned in advance of the possible need for this. Only too often the job is available at short notice and immediate transport is essential; clearly there is difficulty if the patient then has to learn to drive the vehicle, and a more flexible approach to this is needed. If found eligible and fit to drive, the disabled person then has the opportunity of a powered three-wheeler supplied by the DHSS, complete with tax, insurance and maintenance, or a £100 annual allowance and exemption from annual Excise Duty for their own vehicle. Three-wheeler: I will confine my comments to the model 70 that has recently been introduced; 5000 petrol engined three-wheelers were issued between April 1972 and March 1973, 
